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I. INTRODUCTION.

In the case of the theoretical turbine steam expands

adiabat ically , i.e., no heat is added or rejected after it

once enters the machine. Under these conditions we should

have a definite quality at the end of the expansion or even

in each stage. In the actual turbine such is not the case.

The quality is hound to vary, due to the fact that the amount

of heat in the steam is affected by the load applied, and by

the friction and windage taking place in the nozzles and in

the stages. These tests have been run therefore, to find out

experimentally the effect of these factors upon the quality

of the steam as it expands through the turbine.

II. OBJECT OF THESIS,

The object of this thesis is to determine the variation

in the quality of the steam in the different stages df a 6-

stage, 60 h.p., 18" Kerr turbine, with varying loads.

III. APPARATUS

.

(a) Apparatus Tested .

The apparatus tested consisted of a 60 h.p, Kerr turbine

with the following specifications:

Type of turbine Multiple stage, velocity.
Maker- Kerr Turbine Co., Y/ellsville,N.Y.
Shop number 21
Rated hcrse power ttt —60
Steam pressure, lb. gage- -150
Rev. per min.-r-—— —-3600
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Stage number 1 23^5 6

Absolute pressure, lb. per" sq. in. 110. 7 7^«3 ^9.8 33^ 22. k 15

Specific volume, cu.ft. H-.002 5«812 S 12.2? 17.9 26.15

Total nozzle area, sq. in. 0.299 O.M-35 O.632 0.918 a.. 338 1.955

Number of nozzles. 6 10 lH- 20 2^ 20

Diameter of nozzles, in. 0.252 O.236 0.2^0 0.2*1-2 0.267 0.353

Size of buckets, in. J>j\ 3/H 3/
1

' 3/^ 3/^ 1 1/8

Number of buckets 8K 8k 8k 8k 8k 68

Diameter of rC"-ors,in. 18

Diameter of shaft, in. 11/2

( to ) Testing Apparatus .

The following is a list of the testing apparatus used in

connection with this thesis:

! Prony brake attached to the turbine.

3—-Carpenter's separating Calorimeters, Serial Nos. 978,
163 and 695-

3-—Cans to collect the condensate.

3 Scales to weigh the condensate.

g——Bourdon tube gages.

6 to measure pressure in stages:

Shop Number Range

First stage 57726H- 0-100

Second « 577265 -30-60

Third '»
-— 577266 -30-40

Fourth " — 577267 -30-15

Fifth »
: 577268 -30-IO

Sixth » S16N218 -30-15





(M

Shop NuklTd er

1 to measure pressure below throt-
tle 577263 0-180

1 to measure pressure in the main 81611206 0-200

1 throttling calorimeter with a H-00° F. thermometer to

find the quality in the main.

speedccunter

.

The Prony "brake was cooled in the following manner: water

entered through a pipe into the inside of the "brake pulley.

From here it flowed outward, due to centrifugal force, through

openings in the rim, passing up through holes into the top

"block and returning through additional holes. The niching

surfaces of the "blocks were grooved and lubrication was effect-

ed by means of soap dissolved in the water.

steam enters through the throttle and governor valve under

high pressure; then it passes through sets of fixed nozzles,

and in so doing its pressure energy is transformed into kinetic

energy. The jet from each of the nozzles impinges upon "buckets

set in the periphery of rotating disks, and these disks, "being

fast to the turbine shaft, impart their rotation to it. The

action at each nozzle is similar to that in a Pelton water wheel.

The scheme of using six stages instead of one has for its

purpose the reduction of the peripheral speed. This is

accomplished "by dividing the total pressure drop "between the

turbine inlet and the exhaust into six smaller pressure drops

which take place in the different stages. The nozzles are so

proportioned that the steam velocity is equal at each set of

III. OPERATION OF THE TURBINE.
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nozzles. The way the division of the pressure drop is

accomplished is as follows:- Steam issuing from the nozzles

in the first stage, pas >es successively through the nozzles

in the other stages. The pressure in each stage drops from

a high to a lower value just "before the jet impinges upon

the "bucls: ets in the same stage. The drop in pressure causes

a corresponding rise in velocity, and this rise of velocity

is what produces the impulses upon the buckets of the wheel.

This method of compounding is called pressure-compounding, and

each drop in pressure constitutes a pressure stage,

IV. METHODS OF CONDUCTING THE TESTS.

The following steps were followed in getting the apparat-

us ready and in running the tests:

( a ) calibrat ion of Rages

.

The Crosby gage tester was used in calibrating the high

pressure gages, and the mercury column, with compressed air,

in calibrating the low pressure gages. In this respect only

the corrected readings are recorded.

(b) Preliminary Test s.

The turbine was rated at 60 h.p. for a steam pressure of

150 gage. Since this was not available five preliminary tests

were run to find the maximum load that could be carried under

existing conditions and also to determine the pressures in the

different stages under such conditions.

The different loads were applied by means of the Prony

brake mentioned above..

( c ) Attaching the Calorimeters...

Having decided upon the separating calorimeter as the one
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which could "be used in all the stages, the housing of the

turbine was tapped, calorimeter nipples fitted, and the

calorimeters connected. Fig. 1, pagel3 shows diagrammatically

an end view with the calorimeters attached to the circumference

of the housing. In the fifth and sixth stages a trap was used

in place of calorimeter 2, due to the fact that water collected

at the "bottom of the turbine, and this prevented the flow of

steam into the calorimeter. The trap was drained "by means of

a small cock and a rubber tube into a can partially filled with

wat er

.

( & ) Performance of, the Test s .

The sixth stage was the first to he tested, then the fifth,

the fourth, and so on. Five tests were run on each stage; for

zero load, one-quarter, one-half, three quarter, and full load,

as predetermined. Each test lasted thirty minutes, readings

"being taken every five minutes. Considerable time elapsed

"between any two tests, thus letting the machine come up to the

working condition caused hy the new load. In starting a test

for any given load in any given stage the first step was to

set the "brake scales to the required load, and then to apply

the "brake to the machine until the scale "beam was kept in

"balance. The next step was to "bring the pressure in the given

stage to what it was in the preliminary test for the same load

in the same stage, i.e., to the same pressure which was obtained

when the machine was run without any calorimeter attached to

it. This second step was accomplished "by means of a valve

placed "between the last stage and the condenser. By adjusting

this valve, the pressure in any stage could "be increased to any
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required value.

VI . THEORY

.

In order to get the quality of the steam existing in

each stage of the turbine, three calorimeters were used,

as ahove indicated; one placed near the top, another near the

"bottom and the third at the side, so arranged that they were

apprcximat ely 120° apart. The quality was determined for

each position and the average value taken as the true quality

existing in that stage.

Since separating calorimeters were used the quality in each

case was determined "by means of the formula X = W t
y, g

where X = quality of the steam

W = dry 3team passing through the calorimeter and

3 = moisture separated in the calorimeter

Let X
]L

= quality of the steam in calorimeter 1

Xa = quality of the steam in calorimeter 2 and

X = it it n ii H ti

Ther. X = X n + x ± X x

The following nomenclature and formulae refer to the tests

made upon the lower stages where, on account of moisture a steam

trap had to he used.

We = pounds of steam collected by condenser.

W s « pounds of dry steam passing through calorimeter #3.

3

2

where
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w = w
+ v;

s e
= ŵe 1 1 — Xi +X « Ii "2 I = pounds of moisture entering con-

denser, where

= pounds of moisture collected in Calorimeter 1.

S s = " " « " « "3.
S = » M " " trap.

S = S fl+ S

VII. DATA AND RESULTS,

(a) Log sheets (See pp 1^-28)

(d) Result sheets (See pp 29-30)

(c) Curve sheets^ (see pp 31-33)

VIII. SAMPLE CALCULATIONS.

The following calculations are typical of stages 5 and

6, in "both of which the trap was used. The data is taken for

zero load in the sixth stage.

*
e
= 377

vV
l t-- 76 x

2 .775
' W s = 1.65 X s = J**£5 =0.985

1.677

wt = 0.10

S e = 377 ( 1 - 0.995 ± 0.985
2

S1 = 2.76 (1 - 0.995) -

S 3 = 1.65 (1 ~ 0.985) = 0.027

s
t
= Mt = 0.01

= 3.77
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3.911

Quality = 381.58 = n.99
385-^21

The following calculations are typical of stages 1, 2, 3

and ^, in all of which the three calorimeters were used. The

data is taken for the three-quarter load in the second stage,

= 0.901

= 0.961

= 0.936

Calorimeter 1
• = ¥1 8.66

Wl+S l 8 .66+0.

Calorimeter 2 = 3.92 =
3. 92+0. 1632

Calorimeter 3 = Wo = 6.3
.

w 3+s 3 6.3+0A33

Average quality = 0.933

IX. DISCUSSION OF RESULTS.

The two sets of curves on pages 31 to 32 show in the

one case the relation of the quality in the different stages

to the initial quality in the main under the various load

conditions; and in the second case, they show the variation in

the quality from one stage to another. In the sixth stage,

the quality varies from 0.99 at zero load to 0.98 at full load,

and in the fifth stage, from 0.992 at zero load to 0.989 at

full load, thus showing that the quality is practically constant

for these two stages, though some irregularity appears in the

variation for the intermediate loads. In the fourth and third

stages, the quality for the zero and full loads shows a consider-

able variation, in the fourth stage varying from O.967 at zero

load to 0.926 at full load, and in the third stage from 0.981

at zero load to 0.916 at full load. The quality for the inter-

mediate loads in the third stage varies irregularly. In the
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second and first stages, the full load tests were omitted

altogether, due to the sticking of the Drake on applying the

loads. The range of the quality in the second stage was from

.

9

}4-6 at zero load to 0.933 at three-quarter load, and in the

first stage from 0.966 at zero load to 0.979 at three-quarter

load.

In running the tests in stages 5 and 6 the quality of

steam entering the condenser was taken as the average of that

determined "by calorimeters #1 and #3. It might he well here

to note that this is only approximately correct for it was

found out later that the quality varied in each stage, "being

higher at the top and lower at the "bottom of the stage. The

two calorimeters used were connected at the middle and top of

the stage so this quality assumed is somewhat higher than it

should "be.

X. CONCLUSIONS.

(a)In any stage, as the load increases, the quality decreases,

and vice - versa; i.e., the quality of the steam varies inverse-

ly as the load applied. This conclusion would naturally he

expected, considering the fact that the greater the load the

more work the turhine would have to do; and this work could

only come from the heat in the steam, according to the trans-

formation law of energy.

(h)The quality decreases as we go from the top to the "bottom

of the turhine. This is due to the fact that in running the

turhine a considerable amount of water is separated from the

steam through the churning action in the stages, and as this
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drips down over the walls the steam in the lower parts "becomes

denser and denser, until at the "bottom there is nothing "but a

mixture of .water and steam.

(c) As the steam flows from stage 1 to stage 6, the quality

increases due to friction in the nozzles and "blades and windage

in the stages.
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STUDY IN THE VARIATION IN THE QUALITY OP THE STEAM
IN THE DIFFERENT STAGES OE THE KERR TURBINE

PLATE *t .

VIEW SHOWING THE TURBINE WITH CALORIMETER * 3
ATTACHED TO THE. FIR5T STAGE ANP THE OTHER INSTRUMENTS
IN THEIR RESPECTIVE POSITIONS .

A STEAM GAGE FOR DETERM\N INQ PRESSURE IN STAGE * 1
B • .. » .. .. 2
C . .. .. .. 3
D - « » .. .. .. 4
E - » « - .. - - S
F « » * •• MAIN
G SEPARATING} CALOR IMETETS ^3
H PRONX BRAKE SMLE
O PRONY BRAKE.
K SCALE POTS. WEIGHING WATER SEPARATED "FROM STEAM IN CAl_7*3
L. •< .. «• EXHAUST STEftM PROM CALORlMETEtl*3
M VALVE IN EXHAUST FOR PRODuCiNQ DESIRED BACK PRESSURE
N THERMOMETER CUF> IN THROTTLINQ CALORIMETER IN MftIN LINE
O CONDENSATE CF>H FOR CftL.t3
P CALORIMETER 1
Q SEPARATE D WATER CAK FOR CAL 3
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STUDY IN THE VARIATION IN THE QUALITY OF THE STEAM
IN THE DIFFERENT STAGE5 OF THE KERR TURBINE

PLATE *2
VIEW 5H0WINQ THE TURBIHE FRON\ THE OPPOSITE SIDE TO THAT

SHOWN IN PLATE * I AND SttOWINC CAL0RIMETER5 #1 A,ND^3 ATTACHED
TO STAQE * 1 AND THE OTHER INSTRUMENTS IN THEIR RESPECTIVE P0SITION5.

P CALOR IMETER *" 1
R <^AqE BELOW THROTTLE
S EXHAUST STE^M CAN FOR CAL.+ i
T >• « 2
U SEPARRTED WATER. L
V Z
W SCALE FOR EXHAUST STERN FROM CAL*i
X i. .. .. .. -2
Y QAC.E IN SIXTH STAQE
Z CALORIMETER * 2





PLATE # 3
SKETCH SHOWING SECTION OF TURBINE AND

LOCATION OF THE CALORIMETERS WITH RESPECT To
THE HOUSING,, AND THE NUMBER ASSIGNED TO EftCH
CALORIMETER.





STUDY IN THE VARIATION IN THE QUALITY OF THE STEAI^
IN THE DIFFERENT STAGES OF THE KERR TURBINE.

PRELIMINARY TESTS FOR DETERMINING, WITHOUT CALORIMETERS
INSERTED, THE PRESSURES IN THE DIFFERENT STAG ES

LOAD R.RM
F^F^ESSLJ E. Si-

below
throttle l 2. 3 A- e

O 3600 30 16.6 1 O 6.0 3.7 2.8 2.0
3 1 16.7 IO 61 3.8 2.85 2.0
3 1 16.6 IO 6.Z 3.8 2.9 2.0
31 16.7 IO <S.I 3.8 2.9 2.0
31 16.8 IO 6.Z 3.9 2.9 2.

1

3 1 16.7 IO 6.2 3.9) 2.9 2.

1

3 1 16.7 IO 6.2 3.9 3o 2. 1

3SOO 50 26 16.7 IO. ( 5.9 33 2..o

52 27.) 17.1 10.5 6.1 3.8 2.o
33 28- 18.2 11. 6.2 3.8 2.0
53 275 (8.0 10.8 6. 1 3.7 2.o
52 27- 17.5 10.8 6-1 3.7 2. O

53 275 18.0 I0.8 6.1 3.7 2.0
53 27.5 18.0 IO.S> 6. 1 3.8 2.0

3600 70 41 27 16 8.9 47 2.0
• 1 •i yo 41 26.8 16 69 4.7 2.0

io 40.5 26.5 16 a.e 4.7 2.1

vo 41 27. 16 9.0 4.8 2.0

70 41 263 16 8.9 4.7 2.0

70 41 27 16 6.9 4.7 2.0
70 4-1 27. 16 90 48 2.o

3/4 3600 95 54. s 35.

5

2 2. 1 1.9 G 1.9

93 54. 35 4 21 .9 H.B 6 1.9

93 54 2.S.2 22 11.8 6 1.9

•« 93 SAr. 35.4 22 11.8 6 1.9

93 54. 35.3 22 11.8 6 1.9

©4 54. 3S.4 22 M.8 6 19
93 54. 35.4 22 11.8 19

FULL 3600 112 66 4S. 27 15 8.2 2
115 67 45.Z 28 I5> 8 2
114 67 45.2 28 15 8 2
115 67 4S.Z 28 \ 5 8 2
H5 67 4S.Z 28 15 8 2
114 67 4S.Z 28 15 8 2
M5 67 4S.2 28 15 8 2
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F
5TUDY IN THE VARIATION IN THE QUALITY OF THE STEAM

IN THE DIFFERENT 5TAGE5 OF THE KERR TURBINE.
CURVES SHOWING RELATION BETWEEN LOAD IN B.H.R AND

THE QUALITY OF STEAM IN THE DIFFERENT STAGES.
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STUDY IN THE VARIATION IN THE QUALITY OF THE STEAM
IN THE DIFFERENT STAGE 5 OF THE KERR TURBINE.

CURVES SHOWING RELATION BETWEEN LOAD IN B.H.P. AND
THE QUALITY OF STEAM IN THE DIFFERENT STAGES.
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